Background Some communicable diseases disproportionately affect poor and vulnerable groups. Invasive pneumococcal disease (IPD) is an important cause of morbidity and mortality; however, the relationship between IPD and deprivation has not been well described.
Introduction
Invasive diseases caused by Streptococcus pneumoniae remain an important cause of morbidity and mortality in the UK despite the routine use of pneumococcal vaccines and antibiotic therapy. Invasive pneumococcal disease (IPD) most commonly manifests as bacteraemic pneumonia, septicaemia and meningitis. Pneumococcal meningitis is often associated with long term debilitating sequelae. 1 IPD disproportionately affects very young children and older adults. Recent estimates from the Health Protection Agency (HPA) for 2009 -10 report the all age incidence of IPD to be 10.6 cases per 100 000 population, 23.6 for children ,2 years and 28.2 for adults 65 years in England and Wales. 2 Individuals with a weakened immune system, chronic diseases, who smoke or have a high alcohol intake are also at greater risk of developing IPD and may be more likely to have a poorer outcome. 3 -6 It is well accepted that some communicable diseases disproportionately affect poor and vulnerable groups and individuals in these groups may also suffer worse health outcomes. In the USA, the association between increased risks of IPD in some racial and ethnic groups has been widely reported and used to inform vaccination policy.
shown to have dramatically higher rates of IPD compared with the general population. 10 Recent studies from the USA have also shown the incidence of IPD in 'high poverty' areas to be 26.5 cases per 100 000 population compared with 12.1 cases per 100 000 population in 'low poverty areas'. 7 In the UK, small studies have demonstrated an association between social deprivation and pneumococcal meningitis and IPD in children 18 years. 12 -14 The study of associations between disease and deprivation can lead to insights into aetiology and opportunities for health improvement, and an association of IPD with increasing deprivation would suggest that successful measures to reduce the social gradient in health may impact on morbidity from IPD. 15 However, the association of specific socioeconomic measures of deprivation with IPD is not well described. The purpose of this study was to assess the relationship between IPD and deprivation using data from the North East of England enhanced IPD surveillance system and the 2010 English Indices of Deprivation (IMD 2010), including individual domains of deprivation, as a measure of deprivation at the small area level. 16 
Methods

Setting
The North East of England is one of nine regions of England and had a population of 2 607 000 in 2010 based on Office for National Statistics (ONS) estimates. The health of the North East of England population is generally worse than that of the rest of England. The region has a shorter life expectancy than the national average; for males in the North East of England 76.5 years compared with 77.9 for England and for females 80.6 years compared with 82.0 years for England. 17 Levels of deprivation are high with 33% of census Lower layer Super Output Areas (LSOA) 18 in the most deprived quintile as measured by the IMD 2010, the largest percentage of all regions in England. 16 As a comparison, the South East (excluding London) had the lowest percentage of LSOAs in the most deprived quintile, 7%. 19 and injecting drug use and alcohol misuse) and pneumococcal vaccination details. The surveillance system has been described in detail previously. 20 
Case definition
A case of IPD is defined as any North East of England resident with S. pneumoniae detected from a normally sterile site (such as blood, cerebrospinal fluid or plural fluid) by culture or polymerase chain reaction (PCR) with a specimen date between 1 April 2006 and 31 March 2011, inclusive and a clinical diagnosis of IPD (bacteraemic pneumonia, meningitis, septicaemia, septic arthritis etc.).
Assessment of deprivation and urban rural classification
Deprivation was measured at the small area level using the IMD 2010 at the LSOA level. 16 The IMD 2010 is a measure of multiple deprivation and is made up of seven domain indices assigned to LSOAs. The seven domains relate to 'income deprivation', 'employment deprivation', 'health deprivation and disability', 'education skills and training deprivation', 'barriers to housing and services', 'living environment deprivation' and 'crime'. The seven domains are weighted and combined to make the overall IMD 2010. There are 32 482 LSOAs in England and each LSOA contains an average of 1500 residents. LSOAs are ranked by IMD and by each individual domain; the most deprived LSOA is ranked as 1 and the least deprived as 32 482. 16 We ranked all LSOAs in the North East of England by national deprivation rank for IMD and for each individual domain and divided them into regional quintiles such that quintile 1 represented the least deprived and quintile 5 the most deprived.
The Rural and Urban Area Classification 2004 from ONS was used to categorize the North East of England population by urban/rural area profile at the LSOA level. 21 The morphology variable was used to define areas, which consists of three classifications: 'Urban . 10 K' defined as urban settlements with a population greater than 10 000; 'Town and Fringe' defined as small towns and fringe areas that are located within the rural domain; 'Village, Hamlet and Isolated Dwellings' defined as villages, hamlets and isolated dwellings that are located within the rural domain. 21 
Data analysis
The full home postcode of each IPD case was matched to an LSOA (except for 23 cases with a postcode not linked to an LSOA) and from LSOA to a regional quintile of deprivation and an area classification. Estimates of the average annual incidence of IPD were calculated for each deprivation quintile using the most recent LSOA resident population estimates from mid-2010 for the North East of England obtained from ONS and reported as cases per 100 000 population. The associations between IPD incidence and deprivation were calculated using Poisson regression adjusting for age (using age groups available for LSOA population data: ,16, 16 -29, 30 -44, 45 -64 and 65 years) and sex where appropriate. Risk ratios (RRs) and 95% confidence intervals (CIs) were calculated for each deprivation quintile relative to quintile 1. Further Poisson models were estimated to assess the relationship of deprivation with pneumococcal immunization and case fatality. A final Poisson model was used to investigate the relationship between IPD incidence and urban/rural area classification. All models were found to be a good fit with x 2 goodness of fit non-significant. Analyses were performed using Stata (Stata Statistical Software: release 11, College Station, TX: StataCorp., LP, 2009).
Results
Between 1 April 2006 and 31 March 2011, there were 1351 cases of IPD reported to the North East HPU. Fifty-seven percent of cases were aged ,65 years. The average annual incidence was 10.4 cases per 100 000 population for all ages, 9.0 for ,16 years, 6.6 for 16-64 years and 25.9 for 65 years. Forty-nine percent of cases were female. 20 
Incidence of IPD and deprivation
The incidence of IPD increased linearly with increasing relative deprivation from 7.0 cases per 100 000 population for the least deprived quintile to 13.6 cases per 100 000 population for the most deprived quintile, an increase of 114% (95% CI 80 -156%). Table 1 shows the incidence of IPD by IMD quintile stratified by age. There was a linear association between IPD and deprivation for both the 16 -64 year and 65 year age groups; incidence for the 16 -64 year age group increased from 3.7 cases per 100 000 population to 10.5 cases per 100 000 population, an increase of 211% (95% CI 135 -314%) and for the 65 year age group from 18.2 cases per 100 000 population to 34.3 cases per 100 000 population, an increase of 89% (95% CI 44 -147%) ( Table 1 ). There was no association between IPD and deprivation in the ,16 year age group (Table 1) .
Incidence of IPD and individual domains of deprivation
Of the seven domains of deprivation combined to form the overall IMD 2010, the incidence of IPD was positively correlated with increasing deprivation quintile for the 'income deprivation', 'employment deprivation', 'health deprivation and disability', 'education, skills and training deprivation' 'crime' and the ' living environment' domains ( Table 2 ). The strongest association was observed for the 'employment deprivation' domain increasing from 7.0 cases per 100 000 population for the least deprived quintile to 14.0 cases per 100 000 population for the most deprived quintile, an increase in incidence of 116% (95% CI 81 -158) and the 'income deprivation' domain increasing from 7.0 cases per 100 000 population for the least deprived quintile to 13.4 cases per 100 000 population for the most deprived quintile, an increase in incidence of 112% (95% CI 77-153%). There was a negative association between incidence of IPD and the 'barriers to housing and services' domain (Table 2) . For the two sub-domains of the 'barriers to housing and services' domain, there was a negative correlation between IPD and the 'geographical barriers' sub-domain and a positive correlation for the 'wider barriers' sub-domain ( Table 2 ).
Incidence of IPD and urban rural area classification
To further investigate the negative association between IPD and the 'geographical barriers' sub-domain of the 'barriers to housing and services' domain, we analysed the relationship between IPD and urban rural classification. The incidence of IPD for the 'urban .10 K' and 'Town and Fringe' classifications was 10.4 cases per 100 000 population. For the 'village, hamlet and isolated dwelling' classification the incidence was 6.5 cases per 100 000 population, lower by 43% (95% CI 24-58%) for all ages (Table 3) . This difference was also found to be statistically significantly lower for the 16 -64 and 65 year age groups, but not for the ,16 year age group (Table 3) .
We then assessed the relationship between IPD and IMD stratified by urban rural area classification (Table 4 ). We found that the incidence of IPD increased linearly with increasing deprivation in the 'urban .10 K' and 'Town and Fringe' classifications. For the 'village, hamlet and isolated dwellings' classification, there was no association (Table 4) .
Immunization of IPD cases, case fatality and deprivation
We investigated the relationship between the proportion of cases immunized and deprivation. We found no significant association between the proportion of cases immunized and regional quintile of deprivation for all cases or for cases in clinical risk groups recommended to receive pneumococcal vaccination. For all cases (all ages, ,65 and 65 years) and for all cases in clinical risk groups (all ages only), the least deprived quintile had the highest immunization rate compared with all other quintiles; however, these differences were not statistically significant (data not shown).
We also investigated the relationship between the case fatality rate (CFR) of IPD cases and deprivation. The overall CFR was 17.7% (230/1298); 3.9% (8/203) for cases ,16 years, 10.9% (59/539) for cases 16-64 years and 29.3% (163/556) for cases 65 years. The CFR was higher in deprived quintiles; at all ages 18.0% (60/333) in the most 
Discussion Main findings of this study
This population based study in the North East of England has found a strong association between socioeconomic deprivation and incidence of IPD, incidence increasing linearly with increasing deprivation. When stratified by age group a significant association was also found for the 16 -64 and 65 year age groups. However, there was no association between the incidence of IPD and deprivation for the ,16 year age group. We found that there was a significant linear association between IPD and all of the individual domains of deprivation, except for the 'barriers to housing and services' domain. The domains that were most strongly associated with IPD were employment deprivation and income deprivation.
There was a negative correlation between IPD and the 'barriers to housing and services' domain. This domain constitutes 9.3% of the total IMD 2010 score and is divided into two sub-domains. 16 There was a positive association between the 'wider barriers' sub-domain, which is mainly a measure of financial accessibility consisting of household overcrowding, homelessness and housing affordability. 16 There was a negative correlation between IPD and the 'geographical barriers' sub-domain, which is a measure of physical accessibility consisting of road distance to a GP surgery, food shop, primary school and post office. 16 This outweighed the contribution of the 'wider barriers' sub-domain to create the negative association with the domain as a whole.
We found that the incidence of IPD was lower in rural areas compared with more urban areas. We also found that there was no correlation between deprivation and IPD for rural areas, but there was for urban areas.
What is already known on this topic
Small studies from the UK have shown associations between IPD and some aspects of deprivation. In 1997, Jones et al. 12 reported a relationship between pneumococcal meningitis and social deprivation using the Townsend score as a measure of deprivation. The incidence of pneumococcal meningitis was 2.5 times greater in the most deprived wards compared with the most prosperous wards. They also reported an association between pneumococcal meningitis and overcrowding. 12 Grant et al. 22 measured deprivation using the Jarman index, 22 in a small study in Oxford, England and demonstrated that the deprivation score of households for children with IPD was higher than that of the average Oxfordshire household (22.5 versus 27.3, P , 0.001). 13 A recent study from the UK reported a difference in the incidence of IPD between two areas of England with differing levels of deprivation. They observed a higher incidence in Hull, a deprived area of England, compared with East Riding of Yorkshire, which is a comparatively affluent area.
14 The authors also report a higher incidence within the most deprived areas of Hull. 14 In the USA, a recent study conducted in Connecticut investigated the relationship between socioeconomic status and racial/ethnic groups with IPD. This study highlighted differences in incidence of IPD by neighbourhood poverty index within different racial and ethnic groups. 7 Flory et al. 23 have reported a significant association between bacteraemic pneumococcal pneumonia and various aspects of socioeconomic deprivation including income level, education level and ethnicity. In Alaska, the lack of in-home water supply has been reported to be associated with the high rates of IPD in Alaskan children. The authors of this study speculated that this may be linked to limitations on hand washing. 24 What this study adds
Here, we report the first UK population based study on the association between IPD and deprivation. We have found that deprived areas of the North East of England have a higher incidence of IPD compared with less deprived areas and that the incidence of IPD increased linearly with increasing deprivation for all ages, for the 16 -64 year age group and the 65 year age group. However, we found no association between the incidence of IPD and deprivation for the ,16 year age group, which is similar to findings reported by Elston et al. 14 in children ,14 years in their 2011 paper. This differs from a report by Grant et al. 13 published in 2003, showing a significant difference in the median Jarman score for IPD cases 18 years compared with the population 18 years (P , 0.001). Similarly, when examining urban/rural classification, we found that urban and town and fringe areas had higher IPD incidence than villages, hamlet and isolated dwellings at all ages and for all age groups over 16, but not for the ,16 group.
One possible influence on the association in the ,16 group is the introduction of universal childhood vaccination in the UK in 2006, with a catch-up programme for children born after 04/09/2004. 19 High vaccination rates were rapidly achieved and rates of IPD in children ,5 years declined by 30% in the North East between 2006/07 and 2009/10. 20 Since the majority (74% from our unpublished data) of IPD cases in the ,16 group occur in children under 5 and 44% of all cases ,16 are under 2, most of the children at highest risk would have been offered vaccination for most of the period of this study. In addition, a herd immunity effect providing protection to older age groups has previously been reported. 2, 20 This may have acted to reduce any differences in incidence present before the introduction of vaccination; our data do not contain sufficient cases to compare an association with deprivation before and after introduction of vaccination. This would be compatible with the findings of Grant et al. and Elston et al. 13, 14 reported above, though these studies were small. However, the absence of any observed association in this age group remains surprising given the strength of the association in older age groups. An alternative explanation would be that many of the risk factors for developing IPD principally act on older age groups; for example, the prevalence of chronic diseases and behavioural factors such as smoking.
Our finding that the 'barriers to housing and services' domain is negatively associated with IPD seems counterintuitive, and is explained by the positive association with the 'wider barriers' sub-domain being outweighed by the negative association of the 'geographical barriers' sub domain with IPD. The negative association of the 'geographical barriers' sub domain is showing that increased road distance to amenities is not associated with increased IPD incidence. This is unsurprising as increased road distance can be a feature of less deprived and of rural areas, and areas deprived when assessed on this sub-domain are often not deprived when assessed on others. 25 The 'geographical barriers' sub domain is perhaps not a reliable measure of deprivation in the North East of England.
The positive association with IPD of the 'wider barriers' sub-domain, which includes aspects such as overcrowding is less strong than that of several other domains. This may be considered surprising given the association of overcrowding with increased carriage and transmission. 26 -28 This merits further examination; one possible explanation may lie in the complexity of the indicator, which includes aspects such as housing affordability. 16 We found an association of IPD with deprivation in urban, but not rural areas. The lack of association in rural areas in our study may reflect lack of power to detect a difference, as only 5% of the North East population reside in such areas, and this finding requires further data from a larger rural population within the UK.
The social inequalities that can influence health and disease are complex and include; the conditions in which people are born, live and work; access to health prevention and healthcare. These factors are based on structural drivers based upon geography and politics and the related policies and programmes that governments and societies implement. 29 The specific reasons why the incidence of IPD is strongly associated with deprivation remain unclear. There are a number of possible explanations such as a higher level of overcrowding and use of child day care facilities in deprived areas, both of which have been implicated as risk factors for increased carriage of the pneumococcus and also increased transmission. 26 -28 Another possible explanation is that the overall health of individuals living in deprived areas is generally inferior to that of individuals living in more affluent areas, leading to a higher risk of development of invasive disease. There is a wealth of data associating socioeconomic factors with a higher prevalence of chronic diseases. 30 -33 For example, in 2010, Simpson et al. 32 conducted a study on the epidemiology of chronic obstructive pulmonary disease (COPD) in England, an important risk factor for IPD, and found that COPD incidence was higher in the most deprived areas and in the North East of England. There is also evidence to suggest that behaviour known to affect the health of individuals, such as smoking and excess alcohol consumption, are more prevalent in socially deprived populations. 34 Measures which reduced these risk factors, particularly in deprived areas, would be expected to reduce the IPD burden.
Clinical risk factors and age have been important for deciding vaccination policy in the UK. Current pneumococcal vaccination policy includes infants as part of the routine childhood immunization programme, those aged 65 years and those aged 2 months in a clinical risk group. 19 The findings from this study indicate that it may be of benefit for commissioners and providers to prioritize immunization efforts at adults living in deprived areas. This could be particularly useful for those residing in areas with high deprivation scores on the employment, income, health and education domains. Targeting vaccination campaigns at such areas could help reduce the incidence of IPD and protect vulnerable populations from serious disease.
Limitations of this study
It is important to note that this study does have limitations. LSOA level population data are only available for ,16, 16 -29, 30 -44, 45 -64 and 65 year age groups. It is, therefore, possible that adjusted RRs for the 65 year age group are an underestimate. Also, IMD rank and population estimates were based upon 1 year of data whereas cases were ascertained over 5 years; however, population changes for LSOA quintiles are expected to be minimal over the time period studied. The number of cases in some groups is small; for example, the ,16 year age group and the 'village, hamlet and isolated dwelling' classification, which limits the power to detect statistically significant difference.
As with all studies using data aggregated into spatial boundaries, the 'ecological fallacy' including the modifiable areal unit problem (MAUP) must be considered in interpretation. 35 In our study, we used the lowest aggregation level of standard UK census for which deprivation data are routinely available, so that there was no selection bias in choice of boundaries and the associations reported are the most conservative available. 35, 36 Still, associations of group level variables as used in the IMD with IPD should not be taken to infer that individuals with IPD are necessarily representative of the population of the aggregated areas; analysis of deprivation at the individual level was beyond the scope of this study.
Conclusions
The risk of developing IPD is greater for adults living in deprived areas and in urban areas compared with rural areas. Findings from our study show that the association of IPD incidence is strong for all individual domains of deprivation, except for the 'barriers to housing and services' domain. The mechanisms producing this association remain unclear, highlighting the need for more research to understand the relationship between IPD and socioeconomic deprivation. However, our results suggest that reducing social inequalities, which give rise to a social gradient in health, would reduce the incidence of IPD in the North East of England and potentially throughout England. Reducing social inequalities is a priority of the UK government, but is very complex. 15 A more immediate measure which may reduce the burden of IPD would be to target pneumococcal vaccination at adults living in socially deprived areas.
